Abstract-Silicon carbide has been used extensively as an abrasive, but only in the last 25 years has its potential as a semiconductor been exploited. The rationale for SiC semiconductor devices is their high temperature performance. Rectifiers, field effect transistors, charged particle detectors, and other devices operate efficiently at temperatures about 800 K.
I. INTRODUCTION I N the last 70 years considerable use has been made of the abrasive characteristics of silicon carbide (SiC); however, only recently was its potential as a semiconductor exploited [1] - [4] . It is the purpose of this paper to discuss SiC devices in the time frame. Since SiC device properties are intimately connected with its material properties, crystal growth and fabrication techniques will also be discussed. Finally, I will suggest reasons it is no longer considered a viable product for exploitation. The work discussed in this paper was performed at various industrial and college research laboratories. These programs are no longer active, and there are no known plans or interest in their reactivation.
II. PHYSICAL AND CHEMICAL PROPERTIES
Silicon carbide exists in the hexagonal (a) and cubic (1) phases with the a-phase occurring in a variety of polytypes. The various forms of SiC have the largest energy gaps found in common semiconductor materials, ranging from 2.39 eV (cubic) to 3.33 eV (2H). The Scribing the crystal with a diamond point and breaking it along the scribe line can also be used. As will be discuss-ed later, a number of field effect transistors were fabricated on a single crystal; and these transistors were separated by scribing. Obviously this is best carried out on a scribing machine.
All of these mechanical shaping operations inevitably leave surface and bulk damage in the crystal. Some studies have indicated that the damage may propagate into the crystal by microcracks to a depth of tens of microns. For optimum device performance this damage must be removed, e.g., by chemical etching.
The etching of SiC using molten salts has been described in detail by Faust in 1959. In his paper, Faust describes the side of the SiC crystal which etches in a rough "wormy" pattern using molten salt on the carbon side and the side where the etch is smooth as the silicon side. This data has also been confirmed by Brack in 1965, using X-ray techniques.
Chang and co-workers studied the diffusion of aluminum into SiC from 17500C to 21000C, using both The operation of a p-n junction nuclear particle or photon 125 I detector depends on the collection of electron-hole pairs produced by the ionizing particle or photon as it passes through the detector. The electron-hole pairs are separated in the junction region, collected, and give rise to a charge or voltage pulse.
Silicon photovoltaic diodes have been developed for the detection of infrared and visible radiation. These diodes exhibit a sharp drop in response as the wavelength of the incident light approaches the ultraviolet region with most detectors showing negligible response below 3000 A. This decreasing response is due to the increase in the absorption coefficient with decreasing wavelength. A large absorption coefficient indicates nearly all the light will be absorbed at the surface of the device, and electron-hole pairs generated may be at a great distance from the p-n junction. Thus, surface effects, such as carrier recombination, will decrease the response of the detector.
SiC, with a band gap near 3.0 eV, has an absorption coefficient several orders of magnitude less than at of Si at 4000 A, and therefore surface effects would not be so important. Detectors have been prepared from SiC, and these devices were found to have a spectral response which were a maximum in the ultraviolet region and which could be shifted by varying the junction depth.
A simple theoretical model was originally derived by Chang and Campbell which quantitatively explained the dependence of the peak wavelength on the junction depth and the deplection width of the diode. Considered in this model were the wavelength and temperature dependences of the absorption coefficient in SiC below the band edge. An approximation was made that at the peak response wavelength the total number of electron-hole pairs generated in the depletion layer is a maximum for a given intensity of transmitted radiation at the surface. In addition to these photon detectors, SiC diode structures, specially prepared with graded junctions, have been used to detect alpha particles; and with the addition of a conversion layer, thermal neutrons have been counted.
The fission products of U-235 irradiated with thermal neutrons are not unique but have a distribution with two peaks occurring in the fission product mass distribution curve. The total energy liberated is 157 meV with peaks at 66 and 91 meV. Fig. 3 shows a comparison of the alpha and fission product spectra for a SiC diode. The fission products spectra are very close to those predicted from the aparticle response taking into account the different distribution in the incident energy. The SiC diode, which had a peaked a-spectra, also shows a peak fission product spectra; in fact, the fission spectra of the diode resolves the double peaks.
Tunnel diodes in SiC can be made by forming a heavily doped alloyed junction in either n-or p-type degenerate SiC crystals, using a very fast alloying cycle similar in principle to that originally used to produce Ge tunnel diodes. Degenerate n-type SiC can be grown readily with heavy nitrogen doping. The p-type degeneracy in SiC cannot be established until the uncompensated acceptor level approaches 1020o 1021 cm-3, which has not been achieved. An operable SiC tunnel diode was reported by Rutz in 1964. The junction was formed by alloying Si in a nitrogencontaining atmosphere to very heavily Al-doped a-SiC crystals (4.5 X 1020_9 X 1020 uncompensated acceptors cm-3). The highest peak-to-valley current ratio achieved was 1.37 at room temperature, but negative resistance was observed at temperatures as high as 5000C. The peak voltage is unusually high, approximately 0.9 V and 240C. Fig. 4 shows the I-V characteristics of a SiC tunnel diode at several temperatures.
The channel dimensions and other device dimensions in a SiC junction gate field effect transistors are quite small due to the low carrier lifetime and correspondingly short diffusion lengths. Thus, the fabrication of these devices require photolithographic techniques. Using a self-masked diffusion process and gaseous etching (see Fig. 5 
